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Overview

Timeline and Budget

Project start date: 08/04/2021

Project end date: 06/23/2022

Total funding: $206,500

Percent complete: 80% 

Barriers and Technical Targets
Material Technical Team Technical Targets: 
• 50% mass reduction @ equal affordability (stretch objective long-term)
• USDRIVE Target 2025* – 25% weight reduction (Glider) < $5/lb

Partners and Collaborations
Project Lead: H Quest Vanguard, Inc. Collaborator/Sub: Penn State University
PI: George Skoptsov Dr. Randy Vander Wal

Commercialization support: Composites Applications Group
In-kind support: Carbon Conversions, Inc. (provided samples of rCF)

Technical Approach

• Rapid volumetric heating

• Continuous, high-throughput processing  

• Instant start-up/shut-down

• No process CO2 emissions

• Flexibility in feedstocks and products

• Compact, low-capital deployment

Microwave plasma: rapid thermochemical process

1. Individual CF filaments heat 
up in seconds to ~1500C 
creating hot/ionized zones. 

3. Activated alkanes
promote fractal carbon 
deposition and growth

2. Activated etching 
gas chemically 
attacks resins and 
carbon surface

Microwave 
plasma

Key idea: Rapidly process chopped recycled carbon fiber in a 
microwave plasma reactor to improve interfacial strength in 

low-cost thermoplastic composites.

Process: Thermochemical process first etches and roughens 

the fiber surface and then deposits high-surface area carbons 

hybridized with crumpled graphene sheets.

Impact: Targeted tensile strength improvements of 70%-100% 

would enable low-cost injection-molded composite parts to 
meet price-performance requirements of automotive industry.

Accomplishments

Near-instantaneous exposure to 
microwave plasma heats

chopped recycled carbon fibers 

to ~1500C and 

thermochemically modifies the 

surface, separating filaments, 
gently etching them, and 

depositing nanoscale high-

surface area carbon structures 

with graphenic components.

As-received chopped recycled carbon fiber.
Filaments are strongly aligned and stuck together,
reducing surface area and suppressing resin

Same fiber after only a few seconds of processing.
Thermochemical treatment removes remaining resin, 
and separates, etches, and decorates individual filaments

Overall, the process increases the 
carbon fiber surface area by ~ 10x 

as measured by BET.

Accomplishments

Control over gas feeds and  

plasma allows tuning the

density of high-structure 

carbon deposition on the 

carbon fiber surface.

Tests with thermoplastic 

polymers (HDPE) are 

ongoing; preliminary 

results indicate that the  

gained interfacial strength 

exceeds tensile strength 

of the filaments


